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EFFECT OF TRANSCRIPTIONAL FACTORS ComK and Hpr on THE 
EXPRESSION OF bacABCDE operon, ywfH and yvfI genes in Bacillus subtilis 
SUMMARY 
Quorum sensing-regulatory mechanism is used by many bacterial species for 
establishing different bacterial behaviors. Bacillus subtilis is a good example in order 
to understand the signaling and regulation mechanism managed through a 
cell-density dependent manner. In B. subtilis, competence development is under the 
control of Quorum sensing regulatory pathway.In this pathway, ComX signaling 
peptide binds to and thus activate its cognate receptor histidine protein kinase, ComP 
by autophosphorylation. Activated ComP,then, donates its phosphate group to ComA 
for activation. Phosphorylated ComA(ComA~P), then, activates the production of 
ComS. ComS inhibits the proteolytic degradation of a transcriptional activator, 
ComK. Following ComS transcription, ComK concentration increases quickly and 
genes for competence development become expressed which results in DNA-uptake 
into the cell.  
In bacteria, cells redirect their metabolism and physiology to overcome hostile 
conditions just like the depletion  of  nutrients during transition to stationary phase. 
Most of the genes expressed during transition state are controlled by a group of 
regulatory proteins described as “transition state regulators”. Hpr (ScoC) is one of 
the best-characterized transition state regulator 
In Bacillus subtilis, bacABCDEywfG operon and ywfH genewere,recently, found to 
carry the bacilysin biosynthetic core function. Recent studies indicated that the 
expression of bacABCDEywfG operon is negatively regulated by Hpr (ScoC) and 
positively regulated by the quorum-sensing regulatory pathway as well as a GntR 
type regulator YvfI.   
In this present study, the effect of ComK and Hpr on the expression of yvfI andywfH 
genes and also on bacABCDEywfG operon were determined. For this purpose, comK 
and hpr insertional inactivation vectors were constructed through ligating an internal 
fragment of comK and hpr genes into  a spectinomycin cassette harbouring pDrive 
vector.Subsequently,   a Bacillus strains carrying lacZ fusions at interestedloci, 
TEK7 (yvfI::lacZ::erm), NAO1 (ywfH::lacZ::erm) and OGU1 (bacA::lacZ::erm) 
were transformed by the constructed vectors through a single crossover event. As a  
following step, TEK7, OGU1, NAO1 and its comK and hpr inactivated derivatives 
were grown in PA medium and yvfI-directed, bacA-directed and ywfH-directed 
β­galactosidase activities were measured. Furthermore in order to elucidate whether 
if ComK and Hpr regulatory proteins exert their regulatory pattern directly or 
indirectly on yvfI, ywfH genes and bacABCDEywfG operon, gel retardation assays 
were also performed. 
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Bacillussubtilis’de ComK ve Hpr YAZILMA FAKTÖRLERİNİN bacABCDE 
operonu, yvfI ve ywfH GENLERİ ÜZERİNE ETKİSİ 
ÖZET 
Quorum sensing mekanizması birçok bakteri tarafından, çeşitli bakteriyel davranışlar 
geliştirmek için kullanılan önemli bir mikroorganizmalar arası iletişim biçimidir. Bu 
bilgi doğrultusunda, Bacillus subtilis ,hücre yoğunluğuna bağlı olarak yönetilen 
sinyal ve düzenlenme mekanizmasını anlayabilmek için iyi bir örnektir. Bacillus 
subtilis’de, QS mekanizması tarafından kontrol edilen kompetans sistemde, ComX 
protein kinaz , ComP’ye bağlanır ve  ComP proteinin aktive olmasını sağlar. Daha 
sonra ComP bir fosfat grubunun ComA’ya aktarmasıyla, fosforlanmış ComA~P 
bileşiği ComS’in ürününü aktive eder. Yazılım aktivatörü olan ComS proteini, 
ComK proteinin proteolik degredasyonunu engellemektedir. ComS yazılımından 
sonra , ComK konsantrasyonu hızlı bir şekilde artar ve DNA alınımına neden olan 
kompetans genlerinin anlatımı yapılır. 
 
Bakteriler de örneğin besin yetersizliği gibi zor koşullara maruz kaldıklarında, canlı 
kalabilmek için, hücreler metabolizmalarının ve fizyolojilerinin yönünü, bu zor 
koşullarla başa çıkmak için değiştirirler. Yani, proteaz, amilaz gibi enzimleri 
kodlayan genlerin anlatımı eksponensiyal fazda bir çok düzenleyici protein 
tarafından baskılanır, bu proteinlere geçiş durumu düzenleyicileri adı verilir. Hpr en 
iyi karakterize edilmiş geçiş durumu düzenleyicilerinden biridir. Yapılan son 
çalışmalarda, hpr  geninin sporulasyonun başlangıcında iki temel sinyal peptid 
transport sistemi opp ve app’nin baskılayıcısı olarak direkt rol oynadığı 
gösterilmiştir. Ayrıca, Hpr proteaz enziminin negatif düzenleyicisi görev yapar. 
Bununla birlikte, yakın zamanlarda yapılan çalışmaların sonuçları, Basilin üretimi 
Hpr tarafından negatif düzenlenlendiğini ortaya koymuştur. 
 
Basilin sentezinin evrensel quorum sensing kontrol sisteminin bir parçası olduğu ve 
Bacillus subtilis’de yvfI geninin, basilin sentezi için gerekli olduğu da son çalışmalar 
ile gösterilmiştir. Diğer yandan bacABCDEywfG operonu ve ywfH genlerinin 
çekirdek biyosentetik fonksiyon taşıdığı da belirtilmiştir. Bu çalışmada ComK ve 
Hpr’nin yvfI, ywfH ve bacABCDEywfG operonu ekpresyonuna etkisi tayin edilmiş ve 
bu amaç doğrultusunda, comK ve hpr insertional inaktivasyon vektörü, comK ve hpr 
geninin, spektinomisin antibiyotiğine dayanıklılık geninin yerleştirildiği pDrive 
vektörüyle ligasyonu ile sağlanmıştır. comK ve hpr genlerinin yvfI lokusunda lacZ 
füzyonu taşıyan, TEK7 (yvfI::lacZ::erm) yvfI geni anlatımı üzerine etkisini analiz 
etmek için, yapılandırılmış vektör tarafından transforme edilmiş ve bu vektörler 
TEK7’nin kromozamal DNA’sına tek çaprazlama ile bağlanmıştır. Bunun dışında, 
comK ve hpr genlerinin NAO1 (ywfH::lacZ::erm) ve OGU1 (bacA::lacZ::erm) 
mutanları üzerine etkisini tanımlamak için TEK7 mutantı gibi yapılandırılan 
vektörler, OGU1 ve NAO1 kromozomal DNA’larına tek çaprazlamanın hücre içinde 
gerçekleşmesiyle yerleştirilmiştir. Bir sonraki adımda ise, TEK7, OGU1, NAO1 ve 
onların aktif olmayan comK, hpr türevleri PA medyada büyütülmüş ve 
   xx 
yönlendirilmiş yvfI, yönlendirilmiş bacA, yönlendirilmiş ywfH β-galaktosidaz 
aktiviteleri belirlenmiştir. 
 
Bacillus subtilis PY79 şuşunda basilisin üretimiyle ilgili genleri açığa çıkarmak için 
son zamanlarda yapılan  Tn10 mutagenesis çalışmaları, transkripsiyonel 
düzenleyiciye  benzeyen yvfI geninin (GntR ailesi) basilisin biyosenteziyle ilgisi 
olduğunu kanıtlamıştır. Bununla birlikte, yvfI geninin basilisin üretiminden sorumlu 
olması nedeniyle, yvfI geninin düzenlenmesinde görev alan herhangi bir gen dolaylı 
olarak basilin üretiminden de sorumlu olacağı düşünülmektedir. r. Bacillus subtilis’te 
ComK ve Hpr transkripsiyonel faktörleri için varsayılan bağlanma bölgelerinin 
araştırılması amacıyla düzenleyici protein görevi olan yvfI geni ile çalışılmıştır. Bu 
bağlamda ComK ve Hpr proteinleri yvfI promoter DNA’sına bağlanma eğilimi 
EMSA deneyi ile test edilmiştir.Yukarıda bahsetildiği şekilde, bacABCDEywfG 
operonu ve ywfH geni de basilin biyosentetik rol oynadığı gösterilmiştir. Belirtilen 
bilgilere bağlı olarak, bu çalışmada ComK ve Hpr proteinlerinin ywfG operon ve 
ywfH genlerine bağlanma eğilimleri EMSA tekniği kullanarak bulunması 
amaçlanmıştır 
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1.  INTRODUCTION 
1.1. Bacillus subtilis 
The best characterized member of Gram-positive bacteria is Bacillus subtilis. 
Bacillus subtilis is a an aerobic, endospore-forming, rod-shaped bacterium and B. 
subtilis are obtained especially in terrestrial and aquatic environments such as soils, 
plant roots, gastrointestinal system of animals and water sources.(Harwood, 
1992).Following the sequencing of its genome, B.subtilis became a very widely 
studied model organism due to its non-pathogenicity, its characteristic of being 
practical for harvesting and its ability for yielding a number of industrially important 
products such as macrolmolecular hydrolases (proteases and carbohydrases), other 
specific enzymes (e.g. α-amylases, β-amylases) and many antibiotics (Kunst et al., 
1997). On the other hand, B. subtilis shows health-beneficial properties. Especially, 
its probiotic property, which is primarily offered when it is in its spore form, helps to 
prevent gastrointestinal disorders. Also, it is clearly confirmed that B. subtilis can 
alternate many antibiotics by being a novel prophylactic, therapeutic and growth 
promoting agent (Hong et al., 2004, Williams, 2007, Fujiya et al., 2007).  
In 1997, the complete genome sequence of B. subtilis was published by an 
international consortium that included Japanese and European laboratories (Kunst et 
al., 1997). Genome of Bacillus subtilis is 4.214.810 base pair long including 4106 
protein-coding genes (Kunst et al., 1997, Kobayashi and Ogasawara, 2002). Also 86 
tRNA genes, 30 rRNA genes and three small stable RNA genes are annotated on 
4215 kb genome beside these 4106 protein-coding genes.  
In order to survive, an organism consistently has to adapt to ever-changing 
conditions to its environment. The key feature of its adaptability is the capacity to 
monitor the environment and respond to any changes on nutrient availability, 
temperature and cell density. As long as nutrients are available, B. subtilis cells grow 
and divide as fast as possible. However, when the conditions deteriorate, in other 
words, under conditions of nutrient deprivation, B. subtilis cells cease growing 
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exponentially and enter stationary phase. (Hoch, 1993; Grossman, 1995; Stragier and 
Losick, 1996; Burkholder and Grossman, 2000; Sonenshein, 2000). 
During this transition, a variety of alternative responses can occur, including the 
activation of flagellar motility to seek for new food sources by chemotaxis, the 
production of antibiotics to destroy individuals from same or different species 
because of the limited resources, the secretion of hydrolytic enzymes to scavenge 
extracellular proteins and polysaccharides. Another example of responses is the 
induction of ‘competence’ for uptake of exogenous DNA for consumption, with the 
occasional side–effect that new genetic information is stably integrated. Among these 
responses, sporulation is the last one and is suppressed until alternative responses 
prove inadequate (Grossman and Losick, 1997). 
Moreover, B. subtilis is a chemoorganotroph which exibits a high surviving ability 
when exposed to limited growth conditions (Nicholson and Setlow, 1990). 
Furthermore, B. subtilis, as similar to many other members of its genus, is mesophilic 
and may grow as normal-sized colonies within a day in a suitable temperature, 37oC 
(Harwood et al., 1990). 
In 1958, transformable characteristic of Bacillus subtilis 168 was reported and 
following this information, this strain has became the most useful strain for genetic 
researches based on this organism (Spizen, 1958; Harwood et al., 1990). Hence, 
Bacillus subtilis PY79 has found its place as the wild type strain of this project  as a 
consequence of its being prototrophic derivative of Bacillus subtilis 168. 
1.2. Quorum Sensing Mechanism As A Regulatory System for Genetic 
Competence in Bacillus subtilis 
Many types of cells use cell-cell signaling to regulate gene expression and 
development. One form of cell-cell  signaling involves a regulatory response to cell 
density signals. This process generally is called as quorum sensing (Fuqua et  al. 
1994). Quorum sensing mechanism, that responses to high cell density, is widespread 
in bacteria, regulating many diverse processes.(Grossman,1996); 
 Furthermore, cellular processes that are regulated by QS in bacteria, exhibit 
differences ineach bacterial species. For instance, genetic competence development 
that is the natural ability to take up exogenous DNA in Bacillus subtilis and 
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Streptococcus pneumoniae (Solomon and Grossman,1996), virulence and biofilm 
formation in Pseudomonas aeruginosa (Fuqua andGreenberg,1998), bioluminescence 
in Vibrio fischeri and Vibrio harveyi (Fuqua,Winans ,and Greenberg 1996) are 
considered among different responses of bacteria to altered environmental 
conditions. It is suggested that, in some bacteria, QS may also eventually regulate the 
transition into stationary phase, a period of quiescence. Regulation of these 
biological processes involves a set of chemicals, including homoserine  lactones, 
peptides, and amino acids. Especially, these signaling molecules consist of N-acyl-
homoserine lactones (AHLs), used by Gram-negativebacteria, and of small peptides 
in case of Gram-positive bacteria(Lazazzera ,2000). Many bacteria communicate by 
secreting and responding to extracellular peptides(pheromones). Some peptide 
pheromones directly interact with receptors that are located on the cell surface and 
that usually come up to be membrane-bound histidine protein kinases. Other peptide 
pheromones are transported into the cell by an oligopeptide permease and interact 
with intracellular receptors to create a response on gene expression level.(Lazazzera 
and Grossman,1998) 
 In case of Bacillus subtilis, the development of genetic competence and lipopeptide 
antibiotic surfactin biosynthesis, together, are coupled to the QS regulation involving 
the two pheromones ComX–CSF  (competence and sporulation factor) and the 
ComP–ComA two-component signal transduction system.( Ozcengiz et.al.,2002) 
Additionally, two peptide factors, ComX pheromone,and the competence and 
sporulation factor(CSF) induce the development of genetic competence by regulating 
the activity of transcription factor ComA, on the other hand, ComX pheromone and 
CSF stimulate transcription of the srfA operon. (Grossman,1999) 
 
Figure 1.1: Genetic map of QS genes in B. subtilis  (Tortosa and Dubnau,1999) 
1.2.1.The main competence-stimulating factor:ComX 
ComX is initially expressed as an inactive 55-amino acid comX gene product which 
is processed and released into the extracellular  medium  as  an  active  modified  
decapeptide.( Ozcengiz et.al.,2002) 
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It is know that ComX ,the main competence-stimulating factor, is a 9 to 10 amino 
acid oligopeptide with an isoprenyl modiﬁcation on the tryptophan residue (Ansaldi 
et al., 2002;Magnuson et al., 1994). comQ that is the gene located upstream of comX, 
is necessary for  the post-translational modiﬁcations and secretion of the ComX 
pheromone. On the other hand,downstream ofcomX are located the genes of a two-
component regulatory system,  comA and comP (Weinrauch et al., 1990). ComX 
pheromone is also the major extracellular signaling peptide that stimulates ComA 
activity. ComX pheromone  is secreted into the medium (Magnuson, Solomon and 
Grossman,1994), and the cell density rapidly incerases at a maximum level. Due to 
incerasing cell dentisty, ComX  pheromone  reaches  concentrations  that  bind and 
activate the protein kinase, ComP. In Bacillus subtilisComP functions as a sensor 
histidine kinase which is required for the signal transduction pathway and initiates 
the development of competence for genetic transformation. The histidine-kinase 
ComP and its cognate response regulator ComA are considered among the members 
of two-component regulatory proteins family. ComP is a membrane-bound protein 
with a C-terminal domain highly conserved among histidine kinases, and ComA is a 
cytoplasmic  protein.  It  is  probably, by analogy with other two-component 
regulatory systems, that ComP autophosphorylates a conserved histidine and 
subsequently donates its phosphoryl group to the cognate response regulator ComA. 
(Dubnau et. al.,,1990). Afterwards, ComP donates its phosphate group to ComA, 
generating ComA~P which later on activates the expression of genes required for  
the QS response (Figure 1) The fundametal function of ComX pheromone appears to 
be monitoring cell density (Lazazzera,2000). Apart from this, membrane-spanning 
protein kinase ComP senses the accumulation of ComX in the medium, and responds 
by phosphorylating ComA (Solomon et al., 1995). The transcription factor ComA is 
involved in the expression of srfA, a locus which was shown to be essential for 
competence development (Hahn & Dubnau, 1991; Nakano et al., 1991;van Sinderen 
et al., 1990). Sequencing of the entire srfA locus arised huge 30 kb spanning operon, 
which encodes a very large protein complex responsible for the non-ribosomal 
synthesis of the lipopeptide antibiotic surfactin (Cosmina et al., 1993). It was 
indicated that phosphorylation of ComA stimulates the binding of ComA to the srfA 
promoter, and also induces srfA transcription and surfactin production (Roggiani 
&Dubnau, 1993). Additionally, located within the second open reading frame of the 
srfA operon is a small gene that encodes for a 46-amino-acid peptide. It was this 
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small peptide, designated as ComS, that turned out to be essential for competence to 
develop (D’Souza et al., 1994; Hamoen et al., 1995). In case of B.subtilis, it uses a 
single QS pathway for two different adaptive processes by bearing an embedded 
comS within srf operon. This pathway is a potent biosurfactant, may not only give B. 
Subtilis cells a selective advantage by eliminating competitors, but may also allow 
the bacterium to use the lytic action of surfactin, in order that potentially valuable 
genetic material released by lysed microorganisms can be incorporated. 
(Kuipers.2003) 
1.2.2.The competence and sporulation stimulating factor : CSF  
The second important pheromone CSF (The competence and sporulation stimulating 
factor), is an extracellular peptide factor from B. subtilis that functions in QS 
mechanism. Amino acid sequence analysis indicated that this pheromone is a 
pentapeptide with an amino acid sequence similar to the C-terminal part of a 40 
amino acid long secreted protein, PhrC (Solomonet al., 1996). Furthermore, phrC 
encodes for CSF (Solomon et al., 1996). (Lazazzera, Jonathan and Solomon,1997) 
Furthermore, PhrC utilizes its quorum-sensing activity at the level of srfA 
transcription, and requires ComP and ComA for its activity. Therefore, the 
stimulatory effect of PhrC on srfA expression also involves the oligopeptide 
permease Spo0K, suggesting that sensing of this pheromone occurs intracellularly 
(Lazazzera et al., 1997). On the other hand, the sigma factor of RNA 
polymerase,sigmaH, which is encoded by spo0H, partly controllstranscription of 
phrC.  
Additionally, response to CSF requires an oligopeptide permease encoded by spoOK 
and the phosphatase encoded by RapC and the gene rapC  that is located at the 
upstream of phrC. The oligopeptide permease phosphatase provides transporting of 
CSF into the cell and inhibits activity of the RapC (either directly or indirectly) 
(Solomon et al., 1996). On the basis of a homologous system required for sporulation 
(RapA/PhrA), it is assumed that RapC activity is inhibited by PhrC (phr stands for 
phosphatase regulator). Thus,when PhrC levels rise sufﬁciently, RapC activity is 
repressed, ComA~P levels accumulate, and srfA/comS expression increases 
(Solomonet al., 1996). So both pheromones, ComX and PhrC, stimulate expression 
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of srfA/comS that encode surfactin biosynthetic enzymes and a regulator of 
competence development, respectively (Kuipers et.al., 2003) 
In addition to The function of CSF in regulating ComA activity is more complicated 
than that of ComX pheromone a transudate, CSF is diffusible peptide . CSF 
stimulates the activity of ComA for the expression of ComA~P dependent genes by 
inhibiting the activity of a putative ComA~P phosphatase, RapC (Schneider et al., 
2002). Beside these two functions,CSF, at high concentrations, also stimulates 
sporulation clearly by inhibiting the activity of an alternate aspartyl-phosphate 
phosphatase, RapB . When CSF reaches a critical concentration, it is transported 
back into the cell by an oligopeptide permease (Lazazzera,2000). In 2000, Lazazzera 
et.al, indicated that when low concentrations of CSF were present in the system,  
increse on the level of ComA~P was inhibited by  the activity of an aspartyl-
phosphate phosphatase. Dually, RapC, dephosphorylates ComA~P. In order to 
decrease the level of ComA~P, CSF, at high concentrations, is speculated to inhibit 
the kinase activity of ComP. (Lazazzera,2000) So that under starvation conditions, 
ComA-dependent genes which might be required for transition into stationary phase 
could be controlled even though in case of low cell density and therefore, CSF is an 
indicator not only for cell-density but also for starvation (Lazazzera et al., 1999; 
Lazazzera 2000). 
 
Figure 1.2: Regulation mechanism of quorum responses triggered by environmental 
signals and initiation of signal transduction cascade through ComX and 
CSF diffusible peptides (Solomon,  Lazazzera,Grossman,1996)  
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1.2.3. ComS, the induction effect on ComK synthesis 
ComS, a small protein of 46 amino acid residues, is necessary for competence 
development (D’Souza et al.,1994; Hamoen et al., 1995) and is expressed in response 
to the QS pheromones that are ComX and CSF (Magnuson et al., 1994; Solomon et 
al., 1996; Lazazzera et al., 1997).  
ComS induces the increased synthesis of ComK by dissociating its ternary complex 
with ClpC that is also known MecB and MecA, accordingly releasing active ComK 
which in turn activates its own transcription. Thus, ClpC(MecB), MecA and ComK, 
together with the signaling protein ComS, form a regulatory device controlling  the  
activity of ComK. In case of cells where ComS releases ComK, a burst of ComK 
expression occurs, because of the positive autoregulation of comK expression by 
ComK (Hahn et al., 1996; Turgay et  al.,  1997). This release is proposed to occur 
only in the subpopulation of cells fated for competence. (Lazazzera, 2000)  
1.2.4. ComK, transcriptional key factor for Genetic Competence 
Genetic competence is a differentiation process, initiated at the on set of the 
stationary growth phase. On the other hand, development of competence is tightly 
regulated via a complex regulatory system, centred around ComK, which enables the 
cell to take up and incorporate exogenous DNA. Moreover, Competence is a  
physiological  state, different from sporulation and vegetative growth, that enables 
cells to bind and internalize transforming DNA (Dubnau and Lovett, 2002; Hamoen 
et al., 2003; Kuipers et al.,2006). The various environmental signals are interpreted 
by a complex signal transduction cascade, and ultimately lead to the activation of 
comK, which encodes the competence transcription factor. ComK activates the 
expression of the DNA-binding and -uptake system, DNA-recombination genes, and 
its own expression. So the main competence transcription factor ComK is key 
regulatory protein in competence development in Bacillus subtilis.During  
exponential growth, competence development is prevented by regulating the level of 
ComK in the cell through both transcriptional and post-translational control .(Liu and 
Zuber,1998)  
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Figure 1.3: Schematic representation of the control of comK expression. comK is 
schematically depicted as gene with the promoter region to which 
several transcription factors are  bound (circles). The 
ComK/MecA/ClpC/ClpP protein complex is encircled. Arrows  and  
perpendiculars indicate positive and negative regulation,  respectively 
(Hamoen et.al.,2003; Dubnau et.al.,1998). 
Additionally,transcription of comK is repressed by binding of AbrB, CodY and Rok 
to the comK promoter (Hamoen et al., 2003a; Hoa et al.,2002; Serror and 
Sonenshein, 1996).  
At the onset of stationary growth, the cell responds to environmental changes, such 
as nutrient deprivation and increased cell densities, by relieving transcriptional 
repression of comK by AbrB and CodY (Hahn et al., 1995; Serror and 
Sonenshein,1996) and by synthesis of ComS. Any ComK that is synthesized at this 
stage is bound by the adaptor protein MecA, which targets ComK for proteolytic 
degradation by the ClpCP complex protease that is known MecB. (Turgay et al., 
1998). Following its transcription, ComS protein binds to MecA and replaces ComK, 
resulting in the release of ComK from the proteolytic complex (Turgay et al., 1997). 
When ComK moves freely intracellularly, it activates transcription of its cognate 
gene, by binding to its promoter region, where it can overcome repression by Rok 
(Hoa et al., 2002; VanSinderen and Venema, 1994; Van Sinderen et al., 1995). 
Through this autostimulatory loop, ComK levels increase rapidly and, subsequently, 
ComK activates transcription of other genes, e.g. the late competence genes, 
encoding the DNA-binding,-uptake and -integration machinery (Van Sinderen 
&Venema, 1994).(Figure 1.5)  
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Figure 1.4: Pathways of competence regulation. (Tortosa and Dubnau,1999) 
The release of ComK from binding by MecA and ClpC, which occurs when ComS is 
synthesized, protects ComK from proteolysis. Following this release,the rates of 
MecA and ComS degradation by ClpCP are increased . In this novel system, MecA 
serves to recruit ComK to the ClpCP protease and connects ComK degradation to the 
quorum-sensing signal-transduction pathway, thereby regulating a key 
developmental process. This is accepted as the ﬁrst regulated degradation system in 
which a speciﬁc targeting molecule serves such a function. (Turgay, Hahn,Burghoorn 
and Dubnau,1998) 
 
Figure 1.5: Model for regulation of competence by proteolysis. (Turgay, Hahn, 
Burghoorn and Dubnau,1998) 
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Figure 1.6: Provisional model of the signal transduction network controlling   
competence gene expression (Msadek et al.,1993) 
1.2.5.Regulated late competence genes by ComK 
Furthermore, ComK is responsible for the activation of the DNA binding, uptake and 
recombination genes. It provides a regulation pattern on its own transcription and  
late competence gene transcriptions. When ComK concentration is sufﬁciently high,  
ComK activates the expression of genes constituting the DNA-uptake system (comC, 
-E, -G, -F), of the DNA-integration system(recA, addAB), and of comK itself, 
independent of DegU. 
 
 
Figure 1.7: The schematic presentation of regulation of competence genes (Dubnau 
et.al.,2000) 
The promoter of comK encodes the competence transcription factor, and  is regulated 
by at least four different transcription factors: Rok, CodY, DegU and ComK itself. 
Genetic data have shown that comK expression is influenced by the transition state 
regulator AbrB as well. (Hamoen,2003) The transcription regulator AbrB represses 
many stationary phase processes in Bacillus subtilis (Hamoen,2003). For instance, 
genes that are involved in  sporulation (e.g. spo0E, spoVG), degradative enzyme 
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synthesis (e.g. aprE), amino acid  utilization (e.g. dpp), and antibiotic production 
(e.g. tycA) are shown to be under regulatory control of AbrB, and during exponential 
growth ,the presence of AbrB prevents premature expression of these genes 
(Hamoen,2003). The Rok (YkuW) protein acts as a negative regulator of comK, 
which encodes for an competence transcription factor in Bacillus subtilis. In the 
absence of Rok, ComK is overproduced, and when excess Rok is present 
comKtranscription  is  inhibited. Rok acts transcriptionally to repress comK 
expression but does not influence ComK stability, which is controlled by the MecA 
switch. But then, SinR and AbrB act negatively on rok transcription, and the 
inactivation of rok by passes the positive requirements for sinR and abrB for the 
expression of comK. Therefore, the  dependence of comK expression on SinR and 
AbrB may be a result of  their repression of  rok  transcription. (Dubnau et.al.,1998) 
 
Figure 1.8: Competence regulation. In this simpliﬁed summary diagram, arrow 
heads and perpendiculars represent positive and negative effects  
                     respectively.( Dubnau et.al.,2002) 
The response regulator DegU is responsible for developing various late-growth 
processes in Bacillus subtilis, which include the production of degradative enzymes 
and the development of genetic competence. At the same time, DegU individualy 
initiates the autostimulatory expression of the competence transcription factor, 
encoded by comK (Dubnau et.al.,2000). 
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Figure 1.9: At the beginning of the stationary growth phase, AbrB and CodY 
repression is raised, and the MecA,ClpCP complex is destabilized by 
the celldensity-induced synthesis of ComS. DegU stimulates binding 
of ComK, initiating the autostimulatory expression of comK.( Dubnau 
et.al.,2000) 
1.3. Hpr; a transition state regulator protein 
Bacterial cells,due to depletion of nutrients, enter into a semiquiescent state that is 
known as stationary phase. In order to survive, the cells redirect their metabolism and 
physiology to overcome the hostile conditions. (Phillips and Strauch,2002) 
In that case, the expression of many genes coding for enzymes such as proteases, 
amylases, etc., is repressed during the exponential phase by a group of regulatory 
proteins that are called “transition state regulators”. (Strauch and Hoch,1993) During 
the transition state, especially, B. subtilis expresses various extracellular proteases 
and other degradative enzymes, transport functions and numerous alternate pathways 
to look for (chemotaxis) and maximize utilization of nutrients when it encounters a 
nutrient-depleted environment (Phillips and Strauch,2002). 
1.3.1.Sporulation inhibition by Hpr (ScoC) protein 
In bacteria, excess of catabolites such as glucose results in the repression of the 
expression of certain enzymes, this phenemenon is considered as catabolite 
repression that leads the supression of many developmental stages in bacteria, such 
as production of extracellular enzymes, motility, and sporulation in B. subtilis. In 
several examples, a given gene is redundantly controlled by two or more of these 
regulators and many of these regulators control genes in numerous different 
pathways.   
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The AbrB, Hpr (ScoC), and SinR are among the best-characterized transition state 
regulators. Their role is to prevent inappropriate and possibly detrimental functions 
from being expressed during exponential growth when they are not needed. All are 
DNA-binding global regulators of numerous genes, and there are many overlaps 
between their individual regulons. Moreover, Hpr (ScoC) is a member of the MarR 
family of transcriptional regulators (Miller and Sulavik,1996). Expression of Hpr 
(ScoC) is regulated by Spo0A, AbrB (Perego and Hoch ,1988) and possibly by 
autoregulation and at least one nonprotein effector molecule (Phillips and 
Strauch,2002).Hpr protein, negatively regulates protease production and at least one 
gene required for sporulation (Perego and Hoch,  1988) 
It has been shown recently that Hpr (ScoC) plays a direct role in the initiation of 
sporulation by acting as a repressor of the two major signaling peptide transport 
systems, opp and app (Ferrari et.al,2001)  It has been reported that a pH-sensing 
mechanism, involving AbrB, the TCA cycle, Spo0K (Opp) could control the 
catabolite repression of sporulation gene expression. Transcription of the operon 
encoding the Opp system was found to occur during exponential growth, whereas the 
app operon was induced at the onset of stationary phase. Overproduction of the Hpr 
(ScoC) regulator completely curtailed transcription from both operons. Hence the 
control of Hpr (ScoC) transcription repression activity plays a crucial role in the 
initiation of sporulation.(Hoch et.al.,1999) 
Lately, it was demonstrated that the AbrB-dependent pH-sensing mechanism is not 
the only means by which carbon catabolites affect sporulation, but also Hpr (ScoC) 
regulates catabolite repression of sporulation in the studies where Bacillus subtilis 
mutants capable of wild-type level sporulation in the presence of excess catabolites 
have been isolated (Dod, Balassa, 1978). Loss of function mutations in hpr restored 
sporulation gene expression and sporulation in the presence of redundant, 
catabolite(s), suggesting that Hpr has a pivotal role in mediating catabolite repression 
(Sasha, Esperanz, Terrance, 2002).  
Overproduction of either Hpr (ScoC) or SinR inhibits B. subtilis sporulation The 
negative effect on sporulation when Hpr (ScoC) is overproduced is due, at least in 
part, to Hpr (ScoC) repression of oligopeptide permease systems responsible for 
transport of small peptide pheromones into the cell (Koide,Perego and Hoch,1999) 
and Hpr (ScoC) repression of sinI expression . 
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Those proteins have strict relation with amino acid, carbohydrate, and nucleotide 
and/or nucleoside metabolism and also interrelated with motility, sporulation, and 
adaptation to variable environmental conditions. Furhtermore, the Hpr (ScoC) 
protein is a DNA-binding regulator of protease production, oxidative stress 
responses,  permease complexes and other physiological processes. (Strauch and 
Hoch,1993) In addition to transcriptional regulators, sigma factors, regulatory 
phosphatases and kinases, sensor elements of regulary systems are among the 
compounds that are affected from Hpr (ScoC) in the means of expression rates. 
Another system that has a relation with Hpr (ScoC) is nitrogen metabolism in a way 
that it interacts with global regulators, like CodY. 
 
Figure 1.10: Involvement of AbrB, Hpr, and Sin in early  sporulation-specific gene    
expression: positive effects are demostrated as “+” and negative effects 
as “-”.(Strauch and Hoch,1993) 
1.3.2. Hpr (ScoC); negative regulator of protease 
Both Hpr (ScoC) and SinR are known to be negative regulators of proteases. One  of 
these  regulators is the  product of  the hpr gene, which was firstly identified  by  
mutations affecting the synthesis of extracellular proteases . (Strauch et.al.,1991)  
The hpr gene codes for a protein (Hpr) of approximately 23,700  Da  (Perego and 
Hoch,  1988)  which is involved in the control of  the alkaline  (aprE subtilisin)  and 
neutral  (nprE) proteases that  first appear  during the transition  state  and the onset 
of  sporulation .(Strauch et.al.,1991)  
On the other hand, AbrB protein is one of the most pleiotropic of the B. subtilis 
transition-state regulators. It has been shown, or implicated, to be involved in the 
regulation of many post-exponentially expressed functions (Strauch et.al.,1991). The 
AbrB protein also acts in a positive manner to induce the synthesis of the Hpr 
protein. 
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1.3.3.The effect of hpr on bacilycin production 
Bacillus subtilis derivatives that carry a mutation on ywfBCDEFG operon that 
manifest a high expression of bacilysin were isolated in order to perform 
comparative genome sequencing analysis. This study has revealed that all of these 
mutants have a mutation in the hpr gene. Moreover, the disruption of hpr by genetic 
engineering also resulted in increased expression of ywfBCDEFG. Additionnaly, 
primer extension and gel mobility shift analyses indicated that the Hpr (ScoC) 
protein binds directly to the promoter region of ywfBCDEFG. Recent results showed 
that the transition state regulator Hpr (ScoC), together with CodY and AbrB, 
negatively regulates bacilysin production in B. subtilis. In fact, the results described 
strongly suggested that Bacilysin production is negatively regulated by Hpr (ScoC). 
(Ochi et.al.,2009) 
Even though, it is known that Hpr (ScoC) has a negative impact on protease 
production and sporulation, on the other side, the effect of Hpr (ScoC) in the 
stationary phase gene expression of B. subtilis was not certainly dedicted unlike 
CodY and AbrB (Ochi et.al.,2009). 
1.4. Bacilysin A Dipeptide Antibiotic 
Certain strains of Bacillus subtilis produce and extracellularly secrete bacilysin - a 
simple peptide antibiotic which affects bacteria and fungi, especially Candida 
albicans. Bacilysin is 125 kDa and put forth a basic structure consisting of L-alanine 
at its N-terminus and L-anticapsin at its C terminus, which is an unusual aminoacid 
for C terminus (Walker and Abraham, 1970). 
The special peptide permease system transports antibiotic into susceptible cells, and 
subsequently, antibiotic is hydrolyzed to L-alanine and L-anticapsin by peptidases. 
Glucosamine syntetase activity, which is necessary for bacterial peptidoglycan and 
fungal mannoprotein biosynthesis, is prevented by intracellular anticapsin that brings 
up the basis of antibiotic activity (Perry and Abraham 1979; Chmara et al., 1981; 
Whitney et al., 1972). As a result of this blockage protolasting occurs and host cells 
lysis (Whitney and Funderburk, 1970; Kenig et al., 1976; Chmara et al., 1982; 
Chmara, 1985; Milewski, 1993). On the basis of its target, anticapsin becomes 
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specifically antagonized by glucosamine or N-acetylglucosamine (Walton and 
Rickes, 1962; Kenig and Abraham, 1976). 
When growth conditions (such as glucose or casaminoacids suffieciency) turn 
favorable, or when physiological factors (such as pH or temperature) become growth 
promoting again for Bacillus subtilis, bacilysin biosynthesis gets inhibited ( Özcengiz 
et al., 1990; Özcengiz and Alaeddinoğlu, 1991 ; Basalp et al., 1992). Moreover, 
bacilysin biosynthesis is under the control of quorum-sensing mechanism via the 
OppA (Spo0K), transporter element and Opp-imported peptide pheromone PhrC 
which is essential for sporulation and competence development (Yazgan et al., 
2001). Therefore, it is suggested that bacilysin biosynthesis is under the control of 
both nutritional and feedback regulation systems. Besides, ComQ/ComX, PhrC 
(CSF), ComP/ComA, Spo0K (Opp), products or srfA, spoOA, spoOH and abrB 
genes are all functional in quorum sensing mechanism and they play key roles in 
bacilysin biosynthesis (Karatas et al., 2003).  
The ywfBCDEFG gene cluster of B. Subtilis has been shown to carry biosynthetic 
core function on bacilysin production and it is renamed as bacABCDE (Steinborn 
and Hofemeister, 1998/2000; Inaoka et al., 2003). Each gene of this gene cluster has 
specific role; proteins which are functional in anticapsin biosynthesis are synthesized 
by bacABC (ywfBCD), bacD (ywfE) is functional in the amino acid ligation of 
anticapsin to alanine and bacE play a role in self-protection from bacilysin. 
Furthermore, anticapsin production needs aminotransferase and prephenate 
dehydratase and they are encoded by ywfB and ywfG, respectively ( Hilton et al., 
1988; Inaoka et al., 2003; Steinborn et al., 2005). 
 
 
Figure 1.11: The bacilysin gene cluster organisation, bacABCDE, relative to 
openreading frames ywfABCDEFG of Bacillus subtilis 168. DNA 
sequence is among 3875148–3867678 bp in the chromosome obtained 
from SubtiList database R16.1 (Kunst et al., 1997) (Inoaka et al., 2003) 
Although, the function of ywfH gene is still unkown, YwfH can be assigned to be 
required to the alanine-anticapsin ligation. On the other hand, the direct evidence to 
involvement in bacilysin synthesis was represented for ywfH by gene disruption 
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experiments or by missense allele analysis (Hilton et al., 1988; Inaoka et al., 2003; 
Steinborn et al., 2005). 
Large multienzyme complex functioning in a thiotemplate mechanism in a pathway 
initiated by a protein template is specific to prokaryotic organisms for producing 
antimicrobial peptide synthesis but still ribosomal peptide synthesis, driven by 
aminoacyl tRNA synthetase, is conserved for all cellular organisms. Biosynthesis 
mechanism of bacilysin formation is not completely matched with non-ribosomal 
peptide synthetase (NRPS) mechanism since adenylation and thiolation are evident 
only for L-alanine and not for L-anticapsin (Marahiel, 1997; vonDöhren  et al., 
1999). Furthermore, ywfE is recently announced as a novel gene synthesizing L-
amino acid ligase belonging to ATP-dependent carboxylate-amine/thiol ligase 
superfamily, widely known to contain enzymes catalyzing the formation of various 
types of peptide. 
According to the Bacillus genome project data, yvfI gene is already known to encode 
an unknown protein that resembles to the GntR family repressor proteins (Kunst et 
al., 1997). Regulators from this family are consisted of a conserved N-terminal DNA 
binding domain followed by C-terminal domain involved in the effector binding 
and/or oligomerization (Yazgan et al., 2008). Very recently, Chai et al. showed that 
YvfI repressor has a dual effect on the lactate utilization operon (lutABC) and 
renamed as LutR. 
1.5. The Aim of the Present Project 
In Bacillus subtilis, bacilysin production is regulated via global regulation system 
and this system is also responsible for sporulation and competence development. 
Recently, the ywfBCDEFG genes of B.subtilis 168, along with the monocistronic 
gene, ywfH,were shown to carry out bacilysin biosynthesis function and renamed as 
bacABCDEywfG operon. Furthermore, it is indicated that yvfI is a novel gene taking 
a critical role in the dipeptide antibiotic bacilysin synthesis.  
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Following the propositions that yvfI expression might be under the control of QS 
mechanism and also many other regulatory genes might be involved in its regulatory 
mechanism. Present study aims to understand the effects of the distruption of ComK 
trascriptional regulator factor and Hpr (ScoC) transtition state regulator on the 
expression of yvfI, bacA and ywfH genes. Another aim of this study is to observe if 
ComK and Hpr proteins bind directly to the promoter regions of these genes under 
regulatory aspects using gel retardation assay 
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2. MATERIALS and METHODS 
2.1. Materials 
2.1.1. Bacterial Strains 
Strains used in this project are listed in Table 2.1. pDrive vector was used for cloning 
of comK ank hpr gene fragments (Figure 2.1).  
Table 2.1: Bacterial strains and their genotypes used in the project 
Strain or plasmid Relevant Genotype, phenotype, and/or 
characteristics 
Construction, 
source or 
reference 
B. subtilis PY79 wild type, BSP cured prototrophic 
derivative of B.subtilis 168 
P.Youngman 
OGU1 [lacIq Tn10(Tetr)], mcrA ∆(mrr-
hsdRMS-mcrBC), f80lacZ∆M15 
∆lacX74, deoR, recA1, araD139 ∆(ara-
leu)7697, galU, galK,rpsL (Strr), ,  
 
M.A.Marahiel 
NAO1 ywfH::lacZ::erm O.Pinar 
TEK7 yvfI::lacZ::erm T.Ebru Koroglu 
TBG1 comK::spc bacA::lacZ::erm This study 
TBG2 comK::spc yvfI::lacZ::erm This study 
TBG3 comK::spc ywfH::lacZ::erm This study 
TBG4 hpr::spc bacA::lacZ::erm This study 
TBG5 hpr::spc yvfI::lacZ::erm This study 
TBG6 hpr::spc ywfH::lacZ::erm This study 
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Figure 2.1: Genomic map of the.pDrive vector. 
2.1.2 Bacterial Culture Media 
Composition and preparation of culture media are given in the Appendix A 
2.1.3. Buffers and Solutions 
Composition and preparation of culture media are given in the Appendix A. 
2.1.4. Chemicals and Enzymes 
The chemicals and enzymes that were used are given in the Appendix B. 
2.1.5. Laboratory Equipment 
The laboratory equipment used during the project is listed in Appendix  
2.1.6. Maintenance of Bacterial Strains 
B. subtilis strains were grown in Luria-Bertani (LB) liquid medium and kept on 
Luria-Bertani (LB) agar plates.. E.coli strains were kept on Luria-Bertani (LB) agar 
plates. All cultures were stored at +4oC.. 20% glycerol stocks was prepared for each 
strain and kept at -80 oC. Erythromycin (Erm) (1μg/ml), spectinomycin (Spc) (100 
μg/ml), lincomycin (L) (25μg/ml), , ampicilin (Amp) (100 μg/ml), (5μg/ml) and 
chloramphenicol (Cm) (5μg/ml) were used for B. subtilis strains. Amp (100 μg/ml) 
and Tetracycline (Tet) (20 μg/ml) were used for E.coli DH5α as the selective 
antibiotics.  
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2.2. DNA Techniques and Manuplations 
2.2.1. Plasmid DNA isolation 
Qiagen Plasmid Purification Mini and Midi Kits (Qiagen Inc., Valencia, CA) were 
mostly used for isolation of E.coli plasmid DNA as specified by the manufacturers. 
E.coli plasmid DNA was also prepared by the plasmid miniprep method described by 
Hopwood et al.(1985). Each strain was grown as a patch on selective medium, LB 
agar containing 100µg/mL ampicillin. About 1 cm2 of cell mass was scraped with a 
sterile toothpick and put into Eppendorf tube containing 100 µL cold STE solution 
containing 2 mg/mL lysozyme (Appendix B). Each tube was mixed by vortexing to 
disperse the cells and the toothpick was discarded. The tubes were then incubated on 
ice for 20 min. 3/5 volume of lysis solution (Appendix B) was added to each tube 
and vortexed immediately. The mixture was incubated  at room temperature  for 10 
min to lyse the cells and then at 70°C for 10 min to denature DNA. Then, tubes were 
cooled rapidly in cold water. An equal amount of phenol-chloroform (water 
saturated, Appendix B) was added, vortexed hard until a homogeneous and milky 
white mixture was obtained. Finally, the samples were spinned for 5 min at 13,000 
rpm to separate phases. 10 µL of supernatant was loaded directly on an agarose gel 
for electrophoresis. 
2.2.2. Chromosomal DNA isolation 
Isolation and purification of the chromosomal DNA of B. subtilis was done by using 
a standart procedure devised for Bacillus species (Cutting and Horn, 1990).  
1,5 ml of overnight culture was centrifuged at 13000 rpm for 5 min. The pelleted 
cells were resuspended in 567 μl of TE (Appendix B) by repeated vortexing. Then, 
10 μl of proteinase K (20mg/ml), 6 μl of RNase (10 mg/ml), 24 μl of lysozyme 
(100mg/ml) and 30 μl of 10% SDS were added and the mixture was incubated for 1 
hour at 37°C water bath. After addition of 100 μl of 5M NaCl solution, the sample 
was mixed without vortexing until the mucosal white substance become visible. 
Following, 80 μl of CTAB / NaCl (Appendix B) (prewarmed at 65°C) solution was 
added and the mixture was incubated for 10 min in 65°C water bath. The sample was 
then extracted with the same volume of freshly prepared phenol/chloroform/isoamyl 
alcohol (25:24:1) solution and centrifuged at 13000 rpm for 10 min. At a later stage, 
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the upper phase was transferred to a new 1.5 ml microfuge tube and 0.7 volume 
isopropanol was added. After mixing shortly, the sample was centrifuged at 13000 
rpm for 15 min. The pellet was washed with 1ml of 70% ethanol centrifuged at 
13000 rpm for 5 min. Subsequently, the pellet was dried at 37°C for 1 hour and 
dissolved in 10 μl of TE buffer and stored at 4°C. Finally, the isolated DNA was 
made run on 0.6% agarose gel and absorbance at 260 nm and 280 nm were measured 
to determine the concentration and purity of the isolated DNA. In order to calculate 
the concentration of DNA, the equation used was “concentration (µg/mL) = A 260 x 
50 x dilution factor”. 
2.2.3. Polymerase Chain Reaction – PCR 
The oligonucleotide primers were purchased from SENTROMER, Co. comk F ,comk 
R and hpr-F,hpr-R are the forward and the reverse primers for the amplification of 
hpr and comK fragment to be cloned, respectively (Table 2.2).94oC was the 
denaturation temperature and the extention temperature was 72oC..The annealing 
temperature for the first 5 cycles was 55 oC and 60oC for the next 25 cycles. The 
concentration of chromosomal DNA was 0.01 to 0.001 ng/µl.. Primers were used at 
1-10 pM (equimolar) and deoxyribonucleoside 5’triphosphates (dNTPs) were used at 
a final concentration of 0,1 mM. 
Table 2.2: The oligonucleotide primers used in this study 
Primers Oligonucleotide Sequence Target Sequence 
comK R-BamHI 5’-CGG GGA TCC GTG GTC GAT TCT GTC TTG GAA -3’ 300 bp 
long comK F-PaeI 5’GCC GCA TGC GTA AAC ATG AAG CCG CTG CAA -3’ 
hpr R-BamHI 5’-CGC GGA TCC AAC AGC GTT GCG TGT CGG ATC -3’ 294 bp 
long hpr F-PaeI 5’-GCC GCA TGC ATC GAG AAG GAT TGG CAG CAA -3’ 
ywfB.P2-F(bacA)-F 5’ GCT ATG CAG CTG TCG GAT 382 bp 
long ywfB.amy.lacZ.- R(bacA-R)- 
5’ GAT CGC GGA TCC TTA TGC 
GTA CTC ACT GCT TGT 3’ 
yvfI.FAM2-F 5’ CTG GCG CCA TAT GTA AGC GGT 3’ 414 bp 
long yvfI P2.EMSA-R 5’GCA ATT CAC CCC GTA ACT TGT 3’ 
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Table 2.2 (continued): The oligonucleotide primers used in this study 
ywfH promoter-F 5’ AGC CAC GGT TTA ATC GGC CGC 3’ 400 bp 
long 
ywfH .Race.Nested-R 5’ CCC TTG ACT GGC TCC CAT AAC 3 
yufO-F 5’CAG TCG TTG AAG ATG TAA CGA 3’ 
 
yufO-R 5’CGC CTT GCG GAT ATT GAG CAT 3’ 
  
2.2.4. Agarose Gel Electrophoresis 
Electrophoresis was carried out on a horizontal submarine electrophoresis 
apparatus.0.8% agarose gel was prepared in TAE buffer (Appendix B) and ethidium 
bromide was added to give a 0.5 µg/mL final concentration in melted agarose gel. 
Gel loading dye (6X) was used to visualize samples, depending on the sample 
amount.Electrophoresis was performed at 120 Volts for 30-35 min. The DNA bands 
were visualized on a shortwave UV transilluminator (UVP) and photographed by 
using Vilber Lourmat Gel Imaging System. PstI digested lambda DNA marker 
(Appendix D) was used to determine the molecular weights of DNA bands.marker 9 
u ekle 
2.2.5. Gel Extraction  
The desired fragments were extracted from the gel by using a “QIAquick Gel 
Extraction Kit” (Qiagen Inc., Valencia, CA). The gel slice containing the DNA band 
was excised from the gel and weighed. 3 volumes of buffer QG were added 
depending on the weight of the fragment. If the color of the solution was not yellow, 
10 μl of 3M sodium acetate (pH 5.0) was added. Following, the solution was 
incubated for 10 min at 50°C by shortly vortexing every 2-3 min, until the gel was 
dissolved completely. After addition of 1 volume of isopropanol, the sample was 
applied to the QIAquick column and centrifuged at 13000 rpm for 1 minute. Then the 
flow through was discarded and the QIAquick column was placed back into the same 
collection tube. Later, 0.5 ml of buffer QG was added to the column and centrifuged 
at 13000 rpm for 1 minute. Subsequently, the flow through was discarded and 0.50 
ml of buffer PE was added to wash. The column was standed for 2-5 min and then 
centrifuged at 13000 rpm for 1 minute, which was followed with an additional 1 
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minute at 13000 rpm. Eventually, the column was placed into a clean 1.5 ml 
microfuge tube and 30 μl from EB buffer was dropped to the center of the QIAquick 
membrane within the column and it was let to stand for 1 minute and then 
centrifuged for 1 minute. The resulting solution within the 1.5 microfuge containing 
the plasmid DNA was stored at –20 °C.  
2.2.6. Ligation of PCR Products into pDrive Cloning Vector 
Ligation of PCR products to pDrive vector was performed as follows: 5 µL 2X ligase 
buffer, 1 µL (55 ng/µL) pDrive vector, 500 ng insert DNA, 1 µL T4 DNA ligase (3 
Unit/µL) was mixed and volume was completed to 10 µL with. Ligation was carried 
out as overnight incubation at 4°C.  
2.2.7. Ligation of spc cassette carrying pDrive Vector 
Ligation of PCR products to  pDrive with spc cassette deletion vector was performed 
as follows: 9 µL of hpr and comK PCR products as insert fragments and 1 µL of 
pDrive with spc cassette vector were mixed in an Eppendorf tube and incubated for 5 
min at 65°C. Then, the tube was cooled on ice and spanned down to collect the 
whole mixture Following, 2 µL of ligation 10x buffer, 2 µL of Polyethylene glycol 
(50% PEG 8000), 2 µL of T4 DNA ligase, 4 µL of dH2O were added into the same 
Eppendorf tube. Finally, the mixture was again centrifuged for a quick spin and 
incubated at 4°C for 16 h.  
2.2.8. Restriction Enzyme Digestion 
Restriction enzymes (BamHI and PaeI) and DNA were held in a suitable buffer such 
that enzyme amount added would be aprropriately 2 Units per µg of DNA. The 
mixture was incubated at a temperature appropriate for that restriction enzyme for 
1,5-2 h. The sample was stored at -20°C until needed.   
2.2.9. Transformation 
2.2.9.1. Preparation of E.coli DH5α CaCl2 Competent Cells and Their 
Transformation 
E. coli competent cells were prepared according to the protocol described by 
Sambrook et al. (1989) with slight modifications. In a 250 mL flask, 5–50 mL of LB 
broth (Appendix A) was inoculated with E. coli from a fresh L agar plate and 
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incubated overnight with shaking at 37°C to obtain a stationary phase culture. 300µL 
from this seed culture was inoculated into a fresh flask containing 50 m LB broth. 
The culture was incubated for 2–2.5 h at 37°C with vigorous shaking (300 rpm) in an 
orbital shaker to obtain an exponentially growing culture. Then the culture was split 
into two sterile pre-chilled 40 mL screwcap centrifuge tubes asepticaly and stored on 
ice for 10 min. After centrifuging at 4,000 rpm for 10 min at 4°C, supernatants were 
decanted and each pellet was resuspended in 5 mL of ice-cold 10 mM CaCl2 by 
vortexing. The cells were spun down at 3,000 rpm for 10 min at 4°C. Finally, 
supernatants were decanted and each pellet was resuspended gently in 1 mL ice-cold 
75 mM CaCl2. The competent cells were stored at – 80°C.  
For transformation, competent E. coli cells were kept on ice for 15 min. 10 µL of 
ligation products or 0.5 µg of appropriate plasmid DNA was added to the cells and 
mixed gently. The mixture was incubated on ice for 30 min. After a heat shock at 
42°C for 90 sec, it was incubated on ice for 5 min. 900 µL of LB was added to the 
mixture and incubated at 37°C or 80 min by gentle agitation (100 rpm). The cells 
were microfuged at 4,000–5,000 rpm for 10 min and resuspended in 150 µL saline 
solution. Transformed cells were plated on selective medium containing appropriate 
antibiotic (100µg/mL ampicillin). For blue-white colony selection, they were plated 
on  LB agar media containing 80 mg/mL X-gal, 0.5 mM IPTG and 100µg/mL 
ampicillin. On the other hand,the ligation product that is on the deletion vector was 
trasformed to E.coli cells in order to select transformed cells, LB agar media with 
100µg/mL spc selective antibiotic. 
2.2.9.2. Preparation of B.subtilis Competent Cell and Transformation 
Preparation of B. subtilis competent cells and transformation were performed as 
described by Klein et al (1992). HS and LS (Appendix A) mediums were used for the 
preparation of B. subtilis competent cells. At first, 3 ml of overnight culture was 
prepared in HS medium by incubating at 37°C and shaking at 250 rpm. Then 1 ml of 
this overnight inoculum was transformed into 20 ml of freshly prepared LS medium 
and incubated at 30°C with shaking at 100 rpm until OD600 of cultures reached 0.55. 
Following, 1 ml of competent cells was transferred into 2 ml eppendorf tube and 
approximalety 1-10μl of DNA was added. Cells were incubated at 37°C for 2 hours 
with shaking at 250 rpm and then they were harvested via centrifugation at 5000 rpm 
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for 15 min. Finally, cells were resuspended in 100 µl of sterile %0,85 NaCl and 
plated onto selective LB agar plates and incubated at 37°C for 16 hours. 
2.2.10. β-galactosidase Assay 
First of all, all strains were grown overnight at 37°C in PA medium (Appendix A). 
Then they were used to inoculate 100 mL of PA medium to an initial optical density 
of about 0.1 at 595 nm (OD 595). Later, the cultures were incubated at 37°C (250 
rpm) for approximately 30 h. Starting from t0 that was defined as the point at which 
cells are resuspended, 1mL of culture was taken as duplicates at each hour for the 
later execution of β-galactosidase assay. For the measurement of growth at OD 595, 
the necessary amount of cultures were taken as dilutions. The following procedure 
was applied to the 1 mL of cultures: 
After each sampling, the culture was centrifuged at 13000 rpm for 5 min and the 
supernatant was discarded. Then, the pellet was washed with 500 μl of ice-cold 25 
mM Tris-Cl (pH 7.4) by centrifugation. Following, the removal of the supernatant, 
the pellet was washed in 0.5 ml of ice old 25 mM TrisHCl (pH 7.4) for 5 min at 
13000 rpm in a microfuge. Then supernatant were discarded and cells were put on 
ice. 
Following the removal of the supernatant, the pellet was resuspended in 650 μl of Z-
buffer via vortexing and 170 μl of lysozyme was added. Later, the solution was 
vortexed for a second and incubated at 37°C for 5 min.  
Subsequently, the samples were taken on ice and 9 μl of 10% Triton-X100 was 
added. After vortexing for a while, the extracts were stored on ice.  
β-galactosidase assay was continued by prewarming the extracts in 30°C water bath 
for 5 min. Subsequent to this, 200 μl of ONPG solution was added and the solution 
was controlly watched for a yellowish color formation. Following the complete 
settlement of yellowish color, the reaction was stopped by adding 0.4 ml of 1 M 
Na2CO3 and reaction time was recorded. Reaction time refers to a period that was 
started by adding ONPG and continued until the settlement of the yellow color. At 
last, the samples were centrifuged at 13000 rpm for 5 min and the supernatant was 
taken to measure A420 and A550 of it. Calculations for β-galactosidase activity were 
carried out according to the formulation below (Miller, 1972) and graphs for β-
galactosidase activities were drawn.  
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(2.1) 
2.3. Expression andPurificationofHis-taggedHpr and His-taggedComK protein 
2.3.1. The overexpression of Hpr and ComK proteins using IPTG 
E.coli Top10F’ strains  carrying pQE60 expression vector were grown in 50 ml LB 
broth containing Ampicilin (100mg/ml) at 37 °C shaking with 200 rpm overnight.   
The next day, all of overnight culture were added to 1000 ml in LB-amp broth and 
grown until the absorbance at 600 nm reached 0,6 at which point IPTG were added 
to a ﬁnal concentration of 1 mM to this exponentially growing E. coli culture. The 
cultures were incubated for 5h at 37 C. Induced cultures were harvested for 10 min. 
at 5000 g by centrifugation.   
2.3.2. Purification and Identification of ComK and Hpr proteins 
Induced cell extracts were further handled by resuspending them with 2 ml of lysis 
buffer (50 mM NaH2PO4, 300 mM NaCl, 10 mM imidazol, pH 8) In order to distrupt 
the cells, 1 mg/ml lysozyme was added to the resuspended cell pellet and incubated 
on the ice for 30 min. The crude extract were then fractionated by sonication three 
times at 72W for 3 min.  After sonication, the cell lysates were centrifuged at 10000g 
for 15 min to remove insoluble material. The samples were then purified using a Ni-
NTA resin. To obtained supernatant was treated with 60µl/ml Ni-NTA resin 
(Qiagen) and incubated at 4 C on a rotator for 30 min. In the end of incubation., Ni-
NTA resin material was centrifuged at 4oC 1000 g for 1 min, then washed with wash 
buffer (50 mM NaH2PO4, 300 mM NaCl, 20 mM imidazol, pH 8) for three times. His 
6 –ComK, His 6 Hpr were elutedwith 30 µl elution buffer (50 mM NaH2PO4, 300 
mM NaCl, 250 mM imidazol, pH 8). Histidine tagged proteins were eluted aganist 
imidazole concentration under native conditions. Purified proteins bands were 
checked by SDS-PAGE and fractions were divided into aliquots and stored at stored 
at -80°C. 
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2.3.3 Protein analysis on SDS-PAGE (Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis) 
12% polyacrylamide gel was used in order to check the purity of extracted protein 
samples. Just before being subjected to SDS–PAGE, cellular lysates (approximately 
10 μg proteins) were mixed with an half volume of 6X sample loading dye. After 
having been heated at 99°C for 3 min (boiling +), they were loaded onto the gel. At 
the next step, polyacrylamide gels were stained with SDS-PAGE staining solution at 
37oC for 1h ,washed overnight with destain buffer, and then visualized. 
Table.2.3: SDS Polyacrylamide Gel Component (%12) 
 Separating gel Stacking gel  
30 % (Acrylamide: 
Bisacrylamide) 
4 ml  670 µl  
1.5M Tris-HCl pH:8.8 2,5 ml ........ 
1M Tris-HCl pH:6.8 ........ 500 µl 
10 % SDS 100 µl 40 µl 
10 % APS 100 µl 40 µl 
TEMED 8 µl 4 µl 
dH2O 3,3 ml 2,7 ml 
2.3.4. Obtaining from promoter region DNA by using Pfu polimerase 
Pfu polymerase PCR reaction, 94oC was the denaturation temperature and the 
extention temperature was 72oC. The annealing temperature was 55 oC all of the 30 
cylces. The concentration of chromosomal DNA was 0.01 to 0.001 ng/l.. Primers 
were used at 1-10 pM (equimolar) and deoxyribonucleoside 5’triphosphates (dNTPs) 
were used at a final concentration of 0,2 mM. Obtained 382 bp bac operon promoter 
region, 414 bp yvfI promoter region, 400 bp ywfH promoter region were extracted 
with using MinElute Gel Extraction Kit (Qiagen). 
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Table 2.4:The volume of PCR components 
Component   Volume  
dH2O 
10X pfu Buffer without MgSO4 
MgSO4 
dNTP (2mM) 
F Primer 
R Primer 
    
 
 
   
 
 
 
 
 
 
 
 
 
 
       33 µl  
        5 µl  
        5 µl  
        4µl  
        0,5 µl 
        0,5 µl  
         
 
   
  Total                                       
   
50 µl  
  
PCR components given in Table 2.11 were combined in a 0.2 ml tubes on ice. PCR 
reaction was performed for 30 cycles under the following conditions, enabling the 
heated lid: 
Table 2.5:PCR conditions 
 }
95 C, 3 min  1 cycle (Initial denaturation)
95 C, 1 min
53 C, 1 min   30 cycles + 72 C, 10 min   1 cycle (Final extension)
72 C, 2 min
⇒







 

 
2.3.5. Gel mobility shift assay using SYBR Green I Jel Staining 
For gel retardation assay, 382 bp length promoter region extends from -273 to 108 
relative to  the  transcriptional start of bacABCDE operon [Inaoka et al., 2009] ,414 
bp promoter region yvfI and ywfH 400 bp promoter region were amplified by proof- 
3 reading PCR using B. subtilis PY79 chromosomal DNA as template with 
oligonucleotide primers (table 2.2). 
Binding reactions for ComK-yvfI promoter,ComK-ywfH promoter,ComK- bacA 
promoter,  were employed by incubating varying amounts of ComK proteins ranging 
from 7,7 to 23 mM with 1 ug of DNA fragments. Binding reactions of Hpr-yvfI ,Hpr-
ywfH promoter,Hpr-bacA promoter were  performed by incubating varying amounts 
of Hpr proteins ranging from 0 to 42 ug with 1 ug of DNA fragments. A reaction 
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buffer; [50 mM KCl, 5 mM MgCl2, 0.1 mM EDTA, 1 mM DTT, 8% glycerol in 
10mM Tris-HCl (pH 8)]; supplemented with poly [d(I-C)] (1mg/ml) and 75 
nanograms of yvfı promoter DNA , 95 nanograms bacA promoter DNA and 37 
nanograms of ywfH promoter DNA were used for gel retardation of Hpr and ComK. 
25 µl total reaction mixtures were incubated at room temperature for 30 minutes and 
following the addition of loading dye buffer [0,25xTBE, 60%; glycerol, 40%; 
bromophenol blue, 0,2%(w/v)] to each reaction, obtained  mixtures  were load on 
pre-run  (4°C,  80V, 30 min) 5%  native polyacrylamide gel. Electrophoresis was run 
in 43 mM imidazole and 35 mM HEPES running buffer [Molle et al., 2003b] at 80V 
for apprx. 1.5 hours at 4°C. Following the PAGE, in order to monitor the migrated 
DNA fragments, gel was  treated with SYBR Green I Nucleic Acid Gel Stain 
(1/10000, v/v) (Roche) and incubated at room  temparature for 30 minutes  with  
gentle  agitation and visualized under UV-transulliminator. 
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3. RESULTS AND DISCUSSION 
3.1 Insertion of the PCR Fragments into pDrive Cloning Vector 
An internal fragment of the B. subtilis PY79 comK gene was amplified by PCR using 
the chromosomal DNA of wild type strain Bacillus subtilis PY79 as template (Figure 
3.1). Similarily, hpr gene fragment was also amplified using sets of primers 
including extra residues for BamHI and PaeI recognition sites (Figure 3.2) 
 
Figure.3.1: Marker 3: Lambda DNA / EcoRI+HindIII (lane 1), Marker 9: phiX174  
DNA/BsuRI (HaeIII) and 351 bp comK fragment amplified with PCR 
(lane 3-4), control PCR (lane 5)  
 
Figure 3.2: 294 bp hpr ragment amplified with PCR (lane 1), control PCR (lane 2) 
and Marker 3: Lambda  DNA/EcoRI+HindIII, Marker 9: phiX174 
DNA/BsuRI (HaeIII) 
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351 bp comK PCR fragment and 294 bp hpr PCR fragment were purified from the 
gel and ligated into pDrive vector and ligation product was used for the 
transformation of E. coli DH5α cells and transformants were selected on LB agar 
plates containing 100 μg/ml Ampicillinand 80 mg/mL X-gal, 0.5 mM IPTG. Selected 
white colonies were subjected to plasmid isolation and then, these plasmids were 
digested with EcoRI restriction enzyme in order to confirm comK (Figure 3.3) and 
hpr fragments (Figure 3.4). Confirmed plasmids were further targeted to sequencing. 
Consequently, the deduced nucleotide sequence data were compared to B. subtilis 
genome sequence, which can be found in National Center for Biotechnology 
Information (NCBI) database, using Blast search. Hence, transformation of comK 
and hpr PCR fragments into pDrive vector were achieved.  
 
Figure.3.3: pDrive cloning vector 3850 bp long (lane 3-4-5-6) and comK PCR 
fragment 351 bp long (lane 3-4-5-6), following digestion of target 
plasmids with EcoRI restriction enzyme. Marker 9: phiX174 
DNA/BsuRI (HaeIII) (lane 1) and Marker 3: Lambda DNA / 
EcoRI+HindIII (lane 2) 
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Figure 3.4: EcoRI digestion of isolated plasmid DNAs. pDrive cloning vector 3850 bp 
long (lane 1, 2, 3, 4, 5) and hpr PCR fragment 294 bp long  M3: Marker 3, 
Lambda DNA/ EcoRI + Hind III, M9: Marker 9, phiX174 DNA / Hinf 
digest (Fermentas). 
3.2. Construction of comK and hpr gene fragments containing pDrive vectors 
Circular pDrive was used to transform chemical competent cells of of E. coli DH5α 
and transformants were selected on LB agar plates containing 100μg Ampicillin ml-1. 
The recombinant pDrive and circular pDrive vectors were digested with the same 
restriction enzymes, BamHI and PaeI,  and were run on agarose gel. While circular 
pDrive vector was linearized, recombinant pDrive vector was double digested for 
obtaining hpr and comK fragments (Figure 3.5, 3.6). The ligation mixtures were used 
to transform chemical competent cells of of E. coli DH5α and transformants were 
selected on LB agar plates containing 100μg Ampicillin ml-1.Plasmid DNA’s isolated 
from transformants were double digested with BamHI and PaeI restriction enzymes 
for further confirmation. The vector pDrive itself was 3850 bp long while the comK 
insert was 351 bp long and hpr insert 294 bp long. Thus, molecular weight of the 
resulting recombinant plasmid was expected to be about 4201 bp long for comK 
(Figure 3.5 , 3.6).,4144 bp long for hpr.  
M3 M9 1 2 3 4 5 
 
294 bp hpr 
sequence 
 pDrive vector 
3.85 kp 
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Figure 3.5. M9: Marker 9, phiX174 DNA / Hinf digest (Fermentas), M3: Marker 3, 
Lambda DNA/ EcoRI + Hind III. To confirm contruction of insertional 
inactivation vector, pDrive including comK PCR fragment and spc cassette 
was digested with XbaI-BamHI double degistion for spc cassette 1300 bp 
(lane 1). On the other hand this vector was also digested with BamHI-PaeI 
double digestion for comK PCR fragment 351 bp.(lane 2).  
 
Figure 3.6: M3: Marker 3, Lambda DNA/ EcoRI + Hind III. In order to confirm 
contruction of insertional activation vector, pDrive including hpr PCR 
fragment was lineariazed with BamHI restriction enzyme (lane 1). On 
the other hand pDrive consisting of hpr PCR product and spc cassette 
was also digested with BamHI-XbaI double digestion in order to check 
hpr PCR fragment and spc cassette 1614 bp.(lane 2).  
3.3. Obtaning spc cassette 
7.0 kb long pIC333 vector was digested with BamHI for the interest of obtaining 2.4 
kb long mini-Tn10 fragment (Figure 3.8). Afterwards, mini-Tn10 fragment was 
double digested with XbaI and BamHI and 1300 bp long spc cassette was obtained 
through the isolation from the agarose gel (Figure 3.7).  
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Figure 3.7: ∆lacR::spc was digested with XbaI-BamHI restiriction enzymes for spc 
cassette. (lane 1-2). M3: Marker 3, Lambda DNA/ EcoRI + Hind III 
3.4. Cloning of spc cassette into pDrive Cloning Vector Containing comK 
fragment and hpr fragment 
Under the aim of cloning spc cassette into pDrive harbouring hpr and comK gene 
fragments, this specific antibiotic cassette was digested with XbaI and BamHI 
restriction enzymes and ligated into similarly digested recombinant pDrive vectors. 
This ligation mixture was used to transform electrocompetent cells of E.coli DH5-α 
and transformants were selected on LB agar plates containing 100μg Spectinomycin 
ml-1. Resulting transformants were picked up and 10 of them were used for plasmid 
DNA isolation for the verification of the cloning of 1300 bp spc cassettefragment.  
Figures 3.8 and 3.9represent constructed comK and hpr insertional inactivation 
vectors, respectively. 
 
Figure 3.8: The schematic represention of constructed insetional inactivation vector 
with comK PCR fragment. 
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Figure 3.9: The schematic represention of constructed insetional inactivitaon vector 
with hpr PCR fragmet 
3.5. Transformation of lacZ fused strains with comK insertional 
inactivationvectorin B. Subtilis 
In order to provide comK insertional inactivation, constructed insertion 
inactivationvector was used to transform competent cells of B. subtilis OGU1 
(bacA::lacZ::erm), TEK7 (yvfI::lacZ::erm) and NAO1 (ywfH::lacZ::erm) to 
spectinomycin resistance. Chromosomal DNA’s of resultant SpcR  transformants 
were isolated and the distruption on their comK locus was analyzed through 
performing PCR reaction, using comK forward NcoI and spc cassette reverse 
primers. The verified mutants were named as TBG1 for ∆ comK::spc 
bacA::lacZ::erm,TBG2 for ∆ comK::spc yvfI::lacZ::erm,TBG3 for ∆ comK::spc 
ywfH::lacZ::erm(Figure 3.10) (Figure 3.11). 
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Figure 3.10: M3: Marker 3, Lambda DNA/ EcoRI + Hind III. comK distrupted 
mutant verification through PCR. A 1651 bp fragment belonging to 
spc cassette and comK PCR fragment was amplified by using primers 
specific to spc-cassette and comK gene fragment(lane 2-4 for TBG1 
mutant). Control PCR with PY79 chromosomal DNA using same set 
of primers (lane1).  
 
Figure.3.11: M3: Marker 3, Lambda DNA/ EcoRI + Hind III.comK distrupted 
mutant verification through PCR. A 1651 bp fragment belonging to 
spc cassette and comK PCR fragment was amplified by using primers 
specific to spc-cassette and comK gene fragment (lane 1-2-3 for TBG3 
mutant and lane 6 for TBG2 mutant). Control PCR with PY79 
chromosomal DNA using same set of primers  (lane 7).  
Furthermore, for the subsequent purpose of creatinghpr insertional inactivation on 
lacZ fusion strains, constructed insertion inactivationvector was used to transform 
competent cells of B. subtilis OGU1, TEK7 and NAO1 to spectinomycin resistance. 
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Recombinant plasmid was driven into the chromosomal DNA of all of them by a 
single cross over event. Chromosomal DNA’s of resultant SpcR  transformants were 
isolated and the distruption on their hpr locuswas analyzed through performing PCR 
reaction, using hpr forward and spc cassette reverse primers. The verified mutants 
were named as TBG4 for ∆ hpr::spc bacA::lacZ::erm(Figure 3.12), TBG5 for 
∆hpr::spc yvfI::lacZ::erm (Figure 3.13),TBG6 for ∆ hpr::spc ywfH::lacZ::erm 
(Figure 3.14). 
 
Figure 3.12: Marker 3, Lambda DNA/ EcoRI + Hind III. TBG4 (∆hpr::spc 
bacA::lacZ::erm) hpr distrupted mutant verifications through PCR 
usşng hpr gene specific primers (BamHI Reverse and hpr NcoI 
Forward) (lane 15). Control PCR with PY79 chromosomal DNA 
using  gene specific  primers.(lane 19).  
 
Figure 3.13: M3:Marker 3, Lambda DNA/ EcoRI + Hind III . TBG5 (∆ hpr::spc 
yvfI::lacZ::erm) hpr distrupted mutant verifications through PCR. 
Control PCR with PY79 chromosomal DNA using primers specific to 
hpr BamHI Reverse and hpr NcoI Forward (lane 7).  
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Figure 3.14: M3:Marker 3, Lambda DNA/ EcoRI + Hind III. TBG6 (∆ hpr::spc 
ywfH::lacZ::erm) hpr distrupted mutant verifications through PCR. 
Control PCR with PY79 chromosomal DNA using primers specific to 
hpr BamHI Reverse and hpr NcoI Forward (lane 1).  
3.6. Effect of comK gene disruption on the Expression of bacABCDE operon, yvfI 
and ywfH genes in Bacillus subtilis 
For the ultimate purpose of monitoring the effect of comK insertional inactivation on 
ywfH, yvfI and bacA profile, comK gene was distrupted respectivly in  bacA::lacZ 
fusion strain OGU1,  yvfI:: lacZ fusion strain TEK7 and NAO1 ywfH::lacZ fusion 
strain. OGU1, TEK7, NAO1 that were used as competent cell, were co-transformed by 
comK::lacZ::spc plasmid DNA. Although OGU1, TEK7, NAO1 had erm antibiotic 
resistance, recently constructed strain comK::spc had spc antibiotic resistance so using 
of both erm and spc antibiotics made selection of tranformants easier considering the 
advantage of its doubleantibiotic cassette region. Additionally, transformants were 
screened with PCR using specific primers. Selected mutant was named as TBG1 
(comK:spc bacA::lacZ::erm), TBG2 (comK::spc yvfI::lacZ::erm), TBG3 (comK::spc 
ywfH::lacZ::erm). 
The resulting strain TBG1, TBG2, TBG3 and OGU1, TEK7, NAO1 as control, were 
cultured in PA medium and were sampled in every 1 h for the β-galactosidase assay. 
Growth profiles were shown in Figure 3.15, 3.17, 3,19 and β-galactosidase activities 
were shown in the Figure 3.16, 3.18, 3,20. 
As seen in figure 3.15, Distruption of comK gene in OGU1 (bacA::lacZ::erm) mutant 
did not show any effect on the growth profile of the strain. 
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However, as can be seen in Figure 3.16, bacA expression level was observed to reach to 
approximately 100 unit, while comK disruption severely affected the bacA expression in 
Bacillus subtilis.  The expression of comK waspreviously indicated to be dependent on 
its own gene product as well as on the gene products of all other tested regulatory genes 
known to be required for competence development (abrB, comA, comP, degU, sin, 
spoOA, spoOH,spoOK, and srfA) (Venama and Sinderen, 1994). Besides, Opp 
involvement was significant as it suggested that bacilysin biosynthesis is under or a 
component of the quorum sensing pathway that has been shown to be responsible for 
the development of sporulation, competence development and onset of surfactin 
biosynthesis. In that case, it was important to control the requirement of peptide 
pheromones (PhrA or PhrC) internalized by the Opp system and response regulator 
ComA that served as the essential components of this global control. For verification, in 
2000, Yazgan et. al., constructed phrA, phrC and comA deleted mutants of PY79 to 
show phrC and comA to be essential for bacilysin biosynthesis. The transcription of 
comK is under strictly nutritional and growth phase dependent control but later than it 
depends on the gene products of comA and srfA. It was also previously shown that srfA 
distrupted mutants were not able to produce bacilysin, thus, srfA may be effective on 
biosynthesis of bacilysin (Karataş et al., 2003). In this study the distruption of comK 
gene dramaticaly affected the the expression of bac operon indicating that ComK 
activity is required for the induction of bac operon expression . 
 
Figure. 3.15: Growth curves belonging to TBG1 (∆ comK::spc bacA::lacZ::erm) and 
OGU1 (bacA::lacZ::erm)grown in PA medium. 
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Figure 3.16: β-Galactosidase activities of TBG1 and OGU1 (bacA::lacZ::erm) in PA 
medium. The colors used for  the strains; (orange) OGU1 
(bacA::lacZ::erm), (green) TBG1 (∆comK::spc bacA::lacZ::erm) 
Figure 3.18, shows that growth profiles of both strains were similar in the exponantial 
growth phase , on the other side, yvfI::lacZ expression was severely disrupted in absence 
of comK gene product during whole growth phase. 
Yazgan et. al.,in 2001a and 2003, reported that bacilysin biosynthesis is under the 
control of a quorum sensing regulation system. Additionally, A novel gene,also, yvfI  
that encodes an unknown protein being the member of the GntR family of 
transcriptional regulators is reguired for bacilysin biosynthesis (Koroglu¸ et. al.,2008). 
As in consistent with the expression of  bac operon, the expression of  yvfI was shown to 
be regulated crucially with comK,since in the absence of ComK, YvfI expression was 
severely decreased during transition as well as stationary phase (Fig. 3.18).These result 
indicated that ComK activity is required for the transition state dependent induction as 
well as maximum yvfI expression as in the case of of bac operon 
 
Figure 3.17: Growth curves belonging to TBG2 (∆ comK::spc yvfI::lacZ::erm)and 
TEK7 (yvfI::lacZ::erm)grown in PA medium. 
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Figure 3.18: β-Galactosidase activities of TBG2 and TEK7 (yvfI::lacZ::erm) in PA 
medium. The colors used for the strains ; (green) OGU1 
(yvfI::lacZ::erm), (orange) TBG2 (∆comK::spc yvfI::lacZ::erm) 
As seen in figure 3.20, the expression of ywfH was decreased with the distruption of 
comK gene, especially, during stationary phase.This result indicated that yvfI gene is 
under the positive control of ComK transcriptional key factor and its activity is 
required for maximum ywfH  expression at the onset of stationary phase transition 
state dependent induction of ywfI expression as in the case of of bac operon. 
 
Figure 3.19: Growth profile belonging to TBG6 (∆ comK::spc ywfH::lacZ::erm) and 
NAO1 (ywfH::lacZ::erm)grown in PA medium. 
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Figure 3.20: β-Galactosidase activities of TBG3 and NAO1 (ywfH::lacZ::erm) in 
PA medium. The colors used for the strains ; (grey) NAO1 
(ywfH::lacZ::erm), (yellow) TBG3 (∆comK::spc ywfH::lacZ::erm) 
3.7. Effect of hpr gene disruption on the Expression of bacABCDE operon, yvfI 
and ywfH genes in Bacillus subtilis 
Hpr is one of the best-characterized transition state regulator such that the 
expressionof many of the genes coding for enzymes such as proteases, amylases, etc, 
is repressed in the exponential phase by this group of regulatory proteins. It has been 
shown recently that Hpr (ScoC) plays a direct role in the initiation of sporulation by 
acting as a repressor of the two major signaling peptide transport systems, Opp and 
App. While  Hpr (ScoC) is  known to be negative regulators of protease, recent 
studies indicated that Bacilysin production is negatively regulated by Hpr (ScoC) 
(Ochi et.al.,2009). In order to demonstrate the effect of hpr insertional inactivation 
on ywfH, yvfI and bacA profile, hpr gene was distrupted respectively in  bacA::lacZ 
fusion strain OGU1,  yvfI:: lacZ fusion strain TEK7 and NAO1 ywfH::lacZ fusion 
strain. OGU1, TEK7, NAO1 that were used as competent cell, were transformed by 
hpr::lacZ::spc plasmid DNA. Selected mutant was named as TBG4 (hpr::lacZ::spc 
bacA::lacZ::erm), TBG5 (hpr::lacZ::spc yvfI::lacZ::erm), TBG6 (hpr::lacZ::spc 
ywfH::lacZ::erm).  The resulting strain TBG4, TBG5, TBG6 and OGU1, TEK7, 
NAO1 as control, were cultured in PA medium and were sampled in every 1 h for the 
β-galactosidase assay. As seen in Fig. 3.22, the expression level of bac operon was 
observed to be increased by the inactivation of hpr gene in the OGU1 strain as 
reported by Inaoka et al. (2009), especially, onset of stationary phase.  Consequently, 
Hpr protein exhibits a negative effect on bacilysin production through repressing the 
bac expression especiallyduring stationary phase.  
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As seen in Figure 3.24, In the absence of Hpr, yvfI expression was not affected 
significantly , indicating that Hpr does not contribute to the regulation of the  
expression of yvfI gene. 
 
Figure 3.21: Growth curves belonging to TBG4 (∆ hpr::spc bacA::lacZ::erm) and 
OGU1 (bacA::lacZ::erm)grown in PA medium. 
 
Figure 3.22: Expression profiles of TBG4 (∆ hpr::spc bacA::lacZ::erm)  and OGU1 
(bacA::lacZ::erm) in PA medium.The colors used for  the strains; 
(green) OGU1 (bacA::lacZ::erm); (red) TBG4 (∆ hpr::spc 
bacA::lacZ::erm). 
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Figure 3.23: Growth curves belonging to TBG5 (∆ hpr::spc yvfI::lacZ::erm) and 
TEK7 (yvfI::lacZ::erm)grown in PA medium 
 
Figure 3.24: β-Galactosidase activities of TBG5 (∆ hpr::spc yvfI::lacZ::erm) and 
TEK7 (yvfI::lacZ::erm) in PA medium. The colors used for  the 
strains; (blue) TEK7 (yvfI::lacZ::erm) ; (red) TBG5 (∆ hpr::spc 
yvfI::lacZ::erm). 
Even though, Ochi et. al.,(2009) reported that no signiﬁcant ncrease in the 
expression of ywfH-lacZ was detected in the hpr disruptant, - in this study, 
distruption of hpr gene resulted with the shifting of induction time of ywfH 
expression to the late stationary phase (Figure 3.25). Owing to the fact that B. subtilis 
is a model organism of gram-positive bacteria, this study indicated that the important 
role (negative control) of Hpr regulator protein in antibiotic production.  
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Figure 3.25: Growth curves belonging to TBG6 (∆ hpr::spc ywfH::lacZ::erm)and 
NAO1 (ywfH::lacZ::erm)grown in PA medium 
 
Figure 3.26: β-Galactosidase activities of TBG6 (∆hpr::spc ywfH::lacZ::erm) and 
NAO1 (ywfH::lacZ::erm) in PA medium.The colors used for  the 
strains; (dark blue) NAO1 (ywfH::lacZ::erm); (pink) TBG6 (∆hpr::spc 
ywfH::lacZ::erm) 
3.8. Identification of yvfI, ywfH, bacA promoter DNA and ComK protein 
interaction 
The possible binding sites for ComK Protein on yvfI, ywfH and bacA promoter were 
studied by Electromobility Shift Assays. Figure 3.25, 3.26 ,3.27 demostrate the effect 
of increasing amounts of ComK protein on the electromobility of B. subtilis yvfı, 
ywfH , bacA and yufO ( as negative control) promoter. Lane 2 on each figures 
represent promoter DNA and a not migrated nor retarded single band was observed 
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as expected in the absence of the ComK protein. The same bands  was detected for 
samples including yufO promoter and ComK protein as negative control (For whole 
Figure, lane ; 6-7-8-9). On the other side, existence of BSA protein instead of ComK 
protein (Lane 1 for all figure) did not produce any shift, thereby indicating the 
specifity of DNA-protein complex. On the other hand, when the yvfI, ywfH, bacA 
promoter DNA were incubated with ComK protein, mobility of the DNA were 
retarded in each case because of DNA-protein complex formation (Figure 3.25, 3.26, 
3,27,lane 3-4-5). Furthermore, intentisities of free DNA bands were reduced due to 
increasing amount of ComK protein in the samples (lane 3 -4-5).Under the light of 
these findings, it can be stated that transcriptional key factor ComK binds 
immediately to bacA and yvfI promoter, even though, ComK interacts with ywfH 
promoter, supershift can be apparently observed with 7,7 µM  of ComK 
concentration . 
 
Figure 3.27: Gel mobility shift assays using purified ComK and ywfH promoter 
DNA. Gel mobility shift assays were performed using micro-molar 
quantities of purified  His 10 -tagged  ComK. In lane 1, ywfH 
promoter with BSA in lane 2, free DNA (probe), increasing amount 
of ComK protein 7,7 µM to 23 µM with ywfH promoter DNA in lane 
3-4-5 ,as negative control, yufO, in lane 6-7-8-9. 
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Figure 3.28: By using EMSA SYBR Green I Staining methods, the interaction with 
ComK protein and yvfI promoter DNA: Lane1: BSA plus yvfI 
promoter, lane 2: free DNA, lane 3-4-5 containing 7.7, 15,23 µM 
ComK protein,binding reaction respectively. Similar to yvfI promoter 
DNA, yufO promoter DNA was incubated incerasing of ComK protein 
concentration as well. 
 
Figure. 3.29: Native polyacrilamide gel of EMSA of purified ComK protein with 
bacA promoter DNA. bacA promoter DNA with BSA was showed in 
lane 1. Free DNA in lane 2, consisting of different concentration 
ComK protein binding reaction in lane 3-4-5 were indicated,also, 
yufO , in lane 6-7-8-9 similarly. 
3.9. Identification of yvfı, ywfH, bacA promoter DNA and Hpr protein 
The possible binding sites for Hpr Proteinon yvfI, ywfH and bacA promoter were 
studied by Electromobility Shift Assays. Figure 3.29 and Figure 3.30 show that both 
proteins are capable of binding to the ywfH and bacA promoter, as evidenced by a 
supershift in retardation of the promoter DNA (lane 4-5) compared to free probe 
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(lanes 2 and 3, respectively). These results indicate that the Hpr (ScoC) exerts its 
effect directly by interacting with the promoter regions of bacA and ywfH . 
 
 
 
 
 
 
 
Figure 3.30: The observation of Hpr protein and bacA promoter DNA interaction 
using EMSA. Lane 1 contains BSA plus bacA promoter DNA.  Free 
DNA (probe) in lane 2. Lane 3-4-5, the binding reaction respectively 
including in 5.8, 11.6, 17.4 µM Hpr protein with bacA promoter 
DNA. Similiar conditions were applied for recA promoter as negative 
control in order to verify accuracy of reaction.  
 
Figure 3.31: At the native conditions, EMSA was used for detection of Hpr protein- 
ywfH connection. Lane 1 contains BSA plus ywfH promoter DNA.  Free 
DNA (probe) in lane 2. Lane 3-4-5, the binding reaction respectively 
including in 5.8, 11.6, 17.4 µM Hpr protein with ywfH promoter DNA. 
Similiar conditions were applied for recA promoter as negative control 
in order to verify accuracy of reaction.  
Additionally, the gel mobility shiftassays with Hpr and yvfI promoter were 
performed under the same conditions as for ywfH promoter-Hpr and bacA promoter- 
Hpr . As seen in Figure 3.30, however, probes for the yvfI gene did not interact with 
Hpr even at similar concentration that were used for other promoters (ywfH and 
bacA). It can be said that the yvfI promoter does not contain a specific binding site 
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for Hpr as consistent with its minor effect on the expression of yvfI detected in this 
study. 
 
Figure 3.32 :Lane 1 contains BSA plus yvfI promoter DNA.  Free DNA (probe) in 
lane 2. Lane 3-4-5, the binding reaction respectively including in 5.8, 
11.6, 17.4 µM Hpr protein with bacA promoter DNA. Similiar 
conditions were applied for recA promoter as negative control in order 
to verify accuracy of reaction. 
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4. CONCLUSION 
In this study, under the aim of elucidating the effects of transcriptional regulatory 
genes on the expression of ywfH, yvfI  genes and bacABCDEywfG operon, comK and 
hpr genes were distrupted in the ywfH::lacZ fusion mutant NAO1, yvfI::lacZ fusion 
mutant TEK7 and bacA::lacZ fusion mutant OGU1 and specific gene expression 
profiles of thus constructed mutants, TBG1 (comK::spc, bacA::lacZ::erm) TBG2 
(comK::spc, yvfI::lacZ::erm), TBG3 (comK::spc, ywfH::lacZ::erm) TBG4 (hpr::spc, 
bacA::lacZ::erm), TBG5 (hpr::spc, yvfI::lacZ::erm) and TBG6 (hpr::spc, 
ywfH::lacZ::erm) were subsequently analyzed in PA medium through β-
galactosidase assays. 
The results of expression assay data showed that the expression of bacA, yvfI and 
ywfH increased during transition phase and reached to maximal level upon entry into 
stationary phase in PA medium. 
The distruption of comK gene completely abolished bacA::lacZ, yvfI::lacZ and 
ywfH::lacZ expressions. It was suggested that the expression of bacA, yvfI and ywfH 
genes were depended on comK gene product. As a consequence of hpr gene 
distruption, expression level of bac operon was increased during stationary phase. 
This result indicated that hpr gene product was responsible for an negative impact on 
the bacilycin production through repressing the expression of bac operon especially 
during stationary phase However, expression level of YvfI was not affected 
significantly by hpr disruption, suggesting that expression of yvfI gene is not under 
the control of Hpr regulatory protein. On the other hand, distruption of hpr gene 
apparently shifted the timing of the induction and maximum level of ywfH 
expression, indicating that Hpr is required for fine-tuning the timing and expression 
level of ywfH 
EMSA analysis performed in this study revealed out that transcriptional key factor 
ComK binds immediately to promoter regions of bacA and yvfI. Even though, ComK 
interacted with ywfH promoter DNA, supershift can be apparently observed only 
after specific protein concentration.  Hpr bound directly to ywfH and bacA promoter 
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region. Moreover, the gel mobility shift assay with Hpr proteins and yvfI 
promoterDNA was indicated that yvfI promoter DNA had no specific bindig site for 
Hpr protein. 
To sum up, it can be said that transcription of the bac operon e and ywfH gene are 
under the direct control of Hpr and ComK. While Hpr is not required for the 
regulation of yvfI expression, ComK is a transcriptional factor acting as a direct 
activator on yvfI expression  in Bacillus subtilis. 
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APPENDIX A 
Compositions and Preparation of Culture Media 
Perry and Abraham (PA) Medium (pH 7.4) 
KH2PO4   1 g/L 
KCl    0.2 g/L 
MgSO4.7H2O*  0.5 g/L 
Glutamate.Na.H2O  4 g/L 
Sucrose*   10 g/L 
Ferric citrate**  0.15 g/L 
Trace elements**  1 ml 
CoCl2.6H2O   0.0001 g/L 
Ammonium molybdate  0.0001 g/L 
MnCl2.4H2O   0.001 g/L 
ZnSO4.7H2O   0.0001 g/L 
CuSO4.5H2O   0.00001 g/L 
Luria Bertani (LB) Medium (1000ml) 
Tryptone                   10 g/L 
Yeast Extract  5 g/L 
NaCl   5 g/L 
Distilled H2O was added up to 1000 ml and then autoclaved for 15 min. 
Distilled H2O was added up to 1000 ml and then autoclaved for 15 min. 
2xYT Medium (1000 ml) 
Tryptone  16 g 
Yeast Extract  10 g 
NaCl     5 g 
Distilled H2O was added up to 1000 ml and then autoclaved for 15 min. 
Agar    15 g (Add before autoclaving for solid 2xYT medium) 
 
*Autoclave separately 
**Filter sterilization 
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For antibiotic resistance LB liquid and solid media: 
Final concentration: 
Amp:  100 μg/ml 
Erm:  1 μg/ml  
Ln:                  25 μg/ml 
Spc:                100 µg/ml 
Neo:                5µg/ml  
Kan:                10 µg/ml 
Cm:                5µg/ml 
Added to the liquid media after autoclaving and cooling down  
Added to the liquid agar media after cooling down to 50°C but before pouring into 
petri dishes 
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APPENDIX B 
Table B.1 : Enzyme and Chemicals 
Enzyme 
 
Supplier 
Lysozyme                                                                       Sigma 
 
Chemical  
 
Supplier 
Acrylamide Merck 
Agar                                                    
Alanine 
Sigma 
AppliCHEM 
Ammonium persulfate Merck 
Bis-acrylamide Merck 
Ca (NO3)4 Merck 
Coomassie Brilliant Blue R Sigma 
D(+)-Glucose Merck 
Ethanol Riedel-de Haën  
Fructose Merck 
Glacial Acetic Acid Riedel-de Haën 
Glycerol Merck 
Glycine Merck 
HCl  Merck 
H2O2 Merck 
FeSO4.7H2O Riedel-de Haën 
KH2PO4 Merck 
K2HPO4 Merck 
KOH Sigma 
L-Cystein Aldaich 
L-Tryptophan Merck 
Methanol                                                                              Riedel-de Haën 
MnCl2.4H2O Merck 
MgSO4.7H2O Riedel-de Haën 
Na2SO4.10H2O Merck 
Na3citrate.2H2O Merck 
N-acetlyglucoseamin Sigma 
Natrum hydroxid (NaOH) Riedel-de Haën 
Nutrient broth Merck 
Potassium chloride (KCl) Riedel-de Haën 
2-propanol Riedel-de Haën 
  
SDS Merck 
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Table B.1(continued) :  
Sodium chloride (NaCl) Riedel-de Haёn 
Sodium hydrogen phosphate(Na2HPO4.7H2O) Merck 
TEMED Carlo Ederba 
Tris (hydrocymethyl) aminomethane Merck 
Tryptone Sigma 
Yeast Extract Sigma 
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APPENDIX C 
 
LABORATORY EQUIPMENT 
Autoclave: Tuttnauer Systec Autoclave (2540 ml) 
Balances: Precisa 620C SCS 
      Precisa 125 A SCS 
Centrifuge: Beckman Coulter, Microfuge 18  
Centrifuge rotor: F241.5P 
Deep freezes and refrigerators: -80°C Heto Ultrafreeze 4410 
           -20°C Arçelik 209lt 
            +4°C Arçelik 
Electrophoresis equipments: E – C mini cell primo EC320 
Gel documentation system: UVI PHotoMW Version 99.05 for Windows 
Incubators: Nüve EN400 
          Nüve EN500 
Orbital shaker incubators: Sertomat S – 2 
              Thermo 430 
Pipettes: Gilson pipetteman 10 μl, 20 μl, 200 μl, 1000 μl 
      Volumate Mettler Toledo 10 μl, 20 μl, 200 μl, 1000 μl 
      Eppendorf research 10 μl, 20 μl, 200 μl, 1000 μl 
pH meter: Mettler Toledo MP220 
Spectrophotometer: PerkinElmer Lambda25 UV/VIS Spectrometer 
Thermomixer: Eppendorf thermomixer comfort (1.5 ml) 
Transillumunator: Biorad UV transilluminator 2000 
Vortexing machine: Heidolph Raax top  
Waterbaths: Memmert wb-22 
Ultrafiltration tube: VIVASPIN 
Power supply: Bio-Rad 
SDS-PAGE Apparatus: Bio-Rad 
Polyacrylamide Gel Electrophoresis Apparatus: Bio-Rad 
GS-800 CALIBRATED DENSITOMETER: Bio-Rad 
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APPENDIX D 
 comK gene sequence 
 
aacatgaagccgctgcaaattgtcgacagaagctgccgattttttggatcaagctatgcgggaagaaa 
agcaggaacttatgaagtgacaaaaatttcacacaagccgccgatcatggtggacccttcgaaccaaa
tctttttattccctacactttcttcgacaagaccccaatgcggctggatttcccatgtgcatgtaaaa
gaattcaaagcgactgaattcgacgatacggaagtgacgttttccaatgggaaaacgatggagctgcc
gatctcttataattcgttcgagaaccaggtataccgaacagcgtggctcagaaccaaattccaagaca
gaatcgaccac 
hpr gene sequence 
atcgagaaggattggcagcaatggctcaaaccgtatgacctgaatattaatgagcatcatattttatg
gattgcgtatcaattgaatggagcttccatttctgaaatcgcgaaattcggggtcatgcacgtatcaa
ccgcattcaacttttcaaaaaagctggaagaacggggatatttaaggttctccaaacggctgaatgat
aaacggaacacatatgtccaattgactgaggaaggtaccgaggtattctggagcttgcttgaggaatt
tgatccgacacgcaacgctgtt 
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